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Description 

SPREAD SPECTRUM COMMUNICATION 
SYSTEM RECEIVING DEVICE 

Cross Reference to Related Applications 

[0001] This application is based upon and claims the benefit of 

priority from the prior Japanese Patent Application No. 

2003-347565, filed on September 1, 2003, the entire 

contents of which are incorporated herein by reference. 
Background of the Invention 

[Field of the Invention] 

[0002] Th e present invention relates to elimination of a narrow- 
band interference signal in a spread spectrum system 

communication device. 
[Description of the Related Art] 

[0003] | n spread spectrum communication, communication is 

performed by spreading a transmitted signal over a much 
wider frequency band than a frequency band of the trans- 
mitted signal. The spread spectrum communication is, in 



principle, excellent in fading characteristic and capable of 
high-speed communication, whereby, in recent years, its 
application field has been expanding, including a cellular 
phone and a wireless LAN. 

[0004] | t j S expected that the application field of radio communi- 
cation will further expand by adopting a spread spectrum 
system also in radio communication equipment, which 
utilizes weak radio waves, while using its characteristic to 
the full. However, in the case of a weak radio wave which 
does not have a frequency band provided for a specific 
communication service such as a cellular phone, interfer- 
ence characteristics are an important problem. 

[0005] | n particular, in a spread spectrum system with a wide oc- 
cupied bandwidth, the probability of the existence of a 
narrow-band or a single-frequency interference radio 
wave within a frequency band used for communication is 
high, and it is necessary to eliminate the interference ra- 
dio wave. Improvements in such interference characteris- 
tics are effective on the spread spectrum communication 
system in terms of an improvement in communication 
quality without being limited to the weak radio wave. 

[0006] The elimination of an interference signal has been hith- 
erto devised, and it is disclosed in Japanese Patent No. 



2753565, Japanese Patent Application Laid-open No. Hei 
2-182045, and so on. However, in arts described in these 
documents, a means for detecting the interference signal 
is complicated, which makes it impossible to configure a 
device at low cost. Moreover, when there are plural nar- 
row-band or single-frequency interference signals whose 
frequencies are apart from one another, it is impossible to 

eliminate all of the interference signals. 
Summary of the Invention 

[0007] An object of the present invention is to provide a spread 
spectrum system communication device capable of elimi- 
nating all of plural narrow-band interference signals in 
communication. 

[0008] jo attain the aforementioned object, a spread spectrum 
communication system receiving device of the present in- 
vention is a spread spectrum communication system re- 
ceiving device for receiving a signal transmitted in a 
spread spectrum communication system, the receiving 
device comprising: an A/D converter for converting a re- 
ceived signal to digital data; a Fourier transformer for 
subjecting the digital data outputted from the A/D con- 
verter to fast Fourier transform and detecting a frequency 
component associated with an interference signal from 



the obtained frequency spectrum of the received signal; a 
noise eliminator for eliminating the frequency component 
associated with the interference signal based on a result 
of the detection in the Fourier transformer; an inverse 
Fourier transformer for subjecting an output from the 
noise eliminator to inverse fast Fourier transform; an in- 
verse spread processor for subjecting an output from the 
inverse Fourier transformer to inverse spread processing; 
and a demodulator for subjecting an output from the in- 
verse spread processor to demodulation processing. 
[0009] According to the aforementioned configuration, an inter- 
ference signal (narrow-band interference signal) is de- 
tected and eliminated in a state in which a received signal 
is subjected to fast Fourier transform processing to be 
transformed to a frequency spectrum, and then by sub- 
jecting the received signal to inverse fast Fourier trans- 
form processing, the received signal from which the inter- 
ference signal is eliminated can be obtained, whereby a 
spread spectrum communication system receiving device 
capable of eliminating plural narrow-band interferences 
can be provided. Accordingly, single-frequency and nar- 
row-band noise in the received signal can be eliminated, 
which leads to an improvement in the communication 



quality of spread spectrum communication. 
[0010] Moreover, the interference signal is detected and elimi- 
nated by digital processing, which makes it possible to fa- 
cilitate the IC implementation of the device, and conse- 
quently, a low-cost spread spectrum communication sys- 
tem receiving device with a stable performance can be 

provided. 
Brief Description of the Drawings 

[0011] pig. 1 is a block diagram showing an example of the con- 
figuration of a spread spectrum system communication 
device according to an embodiment; 

[0012] pig. 2 is a diagram showing an example of the spectrum 
of a spread signal and interference signals; 

[0013] Fig. 3 is a diagram showing the spectrum of the spread 
signal and interference signals frequency-converted to 
baseband; 

[0014] Fig. 4 is a diagram showing the spectrum of a baseband 
signal from which the interference signals are eliminated; 
and 

[0015] Fig. 5 is a block diagram showing an example of the con- 
crete configuration of the spread spectrum system com- 
munication device according to this embodiment. 
Detailed Description of the Preferred Embodiments 



[0016] Hereinafter, an embodiment of the present invention will 
be described based on the drawings. 

[0017] pig. 1 is a block diagram showing an example of the con- 
figuration of a spread spectrum system communication 
device, and more specifically, receiving device according 
to the embodiment of the present invention. 

[0018] a high-frequency received signal received by an antenna 
1 in the spread spectrum system receiving device shown 
in Fig. 1 is inputted from the antenna 1 to a band-pass 
filter (BPF) 2, and its unnecessary frequency band is elimi- 
nated by the band-pass filter 2. Thereafter, the high- 
frequency received signal is amplified by a low-noise am- 
plifier (LNA) 3. 

[0019] a mixer 4 performs frequency conversion by mixing the 

high-frequency received signal amplified by the low-noise 
amplifier 3 with an output from a local oscillator (LO) 5. In 
this embodiment, a direct conversion system is shown as 
an example. Hence, an output frequency (frequency of an 
output signal) of the local oscillator 5 is equal to a re- 
ceived frequency, and the high-frequency received signal 
is directly converted to a baseband signal by the mixer 4. 

[0020] The baseband signal obtained by the conversion by the 
mixer 4 is amplified by a variable gain amplifier (AGC) 6, 



and its unnecessary high-frequency component (or com- 
ponents) is (or are) eliminated by a low-pass filter (LPF) 7. 
The received signal (baseband signal) processed by the 
low-pass filter 7 is inputted to an analog-digital converter 
(A/D converter) 8 and converted to digital data. 
[0021] The received signal (time-axis data) converted to the digi- 
tal data by the A/D converter 8 is supplied to a fast 
Fourier transform (FFT) processor 11 via a buffer 9, and 
transformed into frequency-axis data in the FFT processor 
11. By transforming the received signal of the time-axis 
digital data into the frequency-axis digital data in the FFT 
processor 11, a spectrum of a single-frequency or nar- 
row-band interference signal in the received signal is de- 
tected. 

[0022] The spectrum of the interference signal detected in the 
FFT processor 11 is eliminated by a noise eliminator 12. 
The noise eliminator 12, for example, eliminates a signal 
of a frequency having energy equal to or larger than pre- 
determined energy (energy of a spread signal associated 
with communication) in a frequency band of the received 
signal. 

[0023] The received signal whose interference signal frequency 
component (or components) is (or are) eliminated in the 



noise eliminator 12 is returned again from the frequency- 
axis data to the time-axis data in an inverse fast Fourier 
transform (l-FFT) processor 13. The received signal re- 
turned to the time-axis data in the l-FFT processor 13 is 
subjected to inverse spread processing in an inverse 
spread processor 14 and demodulated in a demodulator 
15. Thus, the interference signal frequency component (or 
components) is (or are) eliminated from the high- 
frequency received signal received by the antenna 1, and 
then the high frequency received signal is subjected to the 
inverse spread processing and demodulation processing 
to obtain the receive data. 

[0024] The buffer 9 here is a dual page memory. Since the afore- 
mentioned processing performed sequentially by the FFT 
processor 11, the noise eliminator 12, and the l-FFT pro- 
cessor 13 is batch processing, the buffer 9 is provided in 
such a manner that digital received signals inputted con- 
tinuously during this processing time are temporarily held 
so as not to be lost. A level detector 10 controls the gain 
of the variable gain amplifier 6 according to the signal 
level of the received signal. 

[0025] N 0 te that the processing in each of the buffer 9, the level 
detector 10, the FFT processor 11, the noise eliminator 



12, the l-FFT processor 13, the inverse spread processor 
14, and the demodulator 15 which are provided at a stage 
subsequent to the A/D converter 8 is digital processing. In 
other words, the buffer 9, the level detector 10, the FFT 
processor 11, the noise eliminator 12, the l-FFT processor 

13, the inverse spread processor 14, and the demodulator 
15 which are enclosed by a dotted line in Fig. 1 are each 
composed of a digital circuit (for example, a CPU, a DSP 
(digital signal processor), or any other digital arithmetic 
circuit). 

[0026] Next, the operation of detection and elimination of an in- 
terference signal by the spread spectrum system receiving 
device in this embodiment will be explained in detail with 
reference to Fig. 2 to Fig. 4. It should be mentioned that 
the gain control of the variable gain amplifier 6 is a basic 
operation of a demodulation circuit and is not a main ele- 
ment of the present invention, so that the explanation 
thereof is omitted. Note that in Fig. 2 to Fig. 4 hereinafter 
explained, the horizontal axis is frequency and the vertical 
axis is energy. 

[0027] pig. 2 is a diagram showing an example of the spectrum 
of the received signal. As shown in Fig. 2, interference 
signals of single frequencies fil, fi2, and f i 3 are superim- 



posed in a situation where the spectrum is spread over a 
frequency band of ±fs with a frequency fo as a center, 
that is, within a frequency band from (fo - fs) to (fo + fs). 
[0028] pig. 3 shows a state in which this received signal is fre- 
quency-converted to a baseband signal by the mixer 4 in 
the aforementioned example of direct conversion. More 
specifically, a signal which was spread (spread signal) DS 
has a band from a frequency 0 Hz to a spread frequency 
fs, and the interference signal is frequency-converted to 

I 

fix - fo 

l 

(x is a numerical subscript, and X = 1, 2, 3). 
[0029] The fast Fourier transform processing (FFT processing) of 
the digital data obtained by the conversion by the A/D 
converter 8 shown in Fig. 1 means finding the spectrum 
shown in Fig. 3 by a digital operation. It is easy to read 
the presence or absence of the single-frequency or nar- 
row-band interference signal and its frequency from the 
spectrum shown in Fig. 3, whereby the interference signal 
contained in the received signal can be detected. Accord- 



ingly, it is also possible to eliminate the interference sig- 
nal frequency component (or components) in the noise 
eliminator 12 based on the spectrum obtained by subject- 
ing the received signal shown in Fig. 3 to the fast Fourier 
transform processing. 

[0030] pig. 4 shows a state in which the interference signal fre- 
quency component (or components) is (or are) eliminated 
from the spectrum shown in Fig. 3 (an output signal from 
the noise eliminator 12), and the received signal without 
interference can be regenerated by the inverse fast Fourier 
transform in the l-FFT processor 13. Thereafter, the re- 
ceived signal with no interference signal (the interference 
signal frequency component (or components) is (or are) 
eliminated therefrom) is subjected to the same inverse 
spread processing and demodulation processing as in a 
normal spread spectrum communication receiving device, 
and consequently the receive data can be obtained. 

[0031] Although the following description is omitted to explain 
the principal in the aforementioned description, in the ac- 
tual FFT processing, since finite and discrete data is sub- 
jected to Fourier transform, a frequency spectrum which 
does not originally exist (side lobe) occurs to thereby re- 
duce frequency resolution, which causes trouble to detec- 



tion and elimination of the interference signal frequency 
component (or components). To prevent this situation, the 
spread spectrum system receiving device of this embodi- 
ment is configured, for example, as shown in Fig. 5, and 
in the actual FFT processing, the digital data to be sub- 
jected to FFT processing is multiplied by an appropriate 
window function. Fig. 5 is a diagram showing an example 
of the concrete configuration of the spread spectrum sys- 
tem receiving device in this embodiment, reference nu- 
meral 16 denotes a window function multiplier for multi- 
plying the digital data outputted from the A/D converter 8 
by a window function, and reference numeral 17 denotes 
an inverse window function multiplier for multiplying an 
output from the l-FFT processor by an inverse window 
function. Note that the inverse window function multiplier 
17 may not be provided as will be described later. 
[0032] Because of the multiplication by the window function, a 

time-axis waveform, which is obtained in a case where the 
interference signal component (or components) is (or are) 
eliminated from the frequency spectrum found by the FFT 
processing and then subjected to the inverse FFT process- 
ing, was multiplied by the window function. Accordingly, 
to exactly regenerate the received signal waveform, it is 



necessary to multiply the time-axis waveform obtained by 
the inverse FFT processing by the inverse window func- 
tion. However, only plus and minus signs of the signal 
which results from the inverse spread processing by the 
inverse spread processor 14 are necessary for the demod- 
ulation processing which will be performed after this, and 
hence, it is insignificant to omit the multiplication by the 
inverse window function. In particular, it is effective to se- 
lect a value obtained by dividing time width corresponding 
to one bit of data by some integer as the time width to 
sample the data for the FFT processing when the soft de- 
cision of an inverse spread result is taken into considera- 
tion. 

[0033] | n the spread spectrum communication, with an increase 
in spread rate, the elimination rate with respect to single- 
frequency interference rises, which, however, causes an 
increase in occupied bandwidth at the same time. When 
radio communication is performed by weak radio waves, it 
is assumed as a precondition that single-frequency and 
narrow-band interference waves (interference signals) 
such as radio waves emitted from other communication 
equipment and radiation noise from electronic equipment 
exist, and hence there is a possibility that the increase in 



occupied bandwidth causes an increased influence of the 
aforementioned noise. 

[0034] Therefore, according to the aforementioned embodiment, 
single-frequency and narrow-band noise (interference 
signals) in the spread spectrum communication can be 
eliminated, which makes it possible to improve the com- 
munication quality of the spread spectrum communication 
by weak radio waves, thereby leading to an increase in the 
utilization range of radio communication. Moreover, ac- 
cording to this embodiment, circuits associated with pro- 
cessing (FFT processing, noise elimination, inverse FFT 
processing, inverse spread processing, and demodulation 
processing) performed on the side of the stage subse- 
quent to the A/D converter 8 are each composed of a dig- 
ital circuit, although its circuit configuration becomes 
complicated, whereby IC implementation is easy, and a 
reduction in costs can be realized because of the manu- 
facturing economies of scale and the like. 

[0035] The present embodiments are to be considered in all re- 
spects as illustrative and no restrictive, and all changes 
which come within the meaning and range of equivalency 
of the claims are therefore intended to be embraced 
therein. The invention may be embodied in other specific 



forms without departing from the spirit or essential char- 
acteristics thereof. 



